Wafer supply.
The silicon wafers were purchased from Siltronix, France (http://www.siltronix.com/).
Wafer data.
Information on silicon wafers is given in Supplementary Tables I and II The RMS roughness (R q ) of the silicon wafers was measured to be 0.34 nm using near field microscopy techniques (tapping mode Atomic Force Microscopy -AFM).
Teflon® AF deposition.
The deposition parameters for the Teflon® AF 1600 are given in Supplementary Table III The Teflon® films were evaluated using tapping mode AFM (Dimension D3100, BrukerVeeco USA). Supplementary Figure 1 shows typical topographic and phase images obtained from the AFM measurements on the Teflon® coatings. The AFM topographic images revealed that the Teflon coatings were very smooth and the phase images indicated that the films were defect free. The RMS roughness R q of the 265 nm thick films was measured to be 0.63 nm and the R q of the 20 nm thick films to be 0.67 nm.
Supplementary Figure 1:
Topographic information of the Teflon® surface: (a) amplitude and (b) phase images obtained using tapping mode AFM on a Teflon® surface (20 nm). The image dimensions are 10 µm by 10 µm.
Fabrication of the Ohmic contacts to the rear surfaces.
Ion implantation was used to heavily dope the rear surface of the wafers to N~10 20 cm -3
(uniformly over a depth of ~100 nm) using boron (for the p-type wafers) and phosphorous (for the n-type wafers). The doping species were activated using high temperature rapid a b
annealing and following aluminium deposition were annealed in an N 2 /H 2 to activate the Ohmic contacts. The specific contact resistivity of the contacts was determined to be <10 -6
Ω cm 2 using evaporated resistance ladders.
C. Electrowetting experiments.
1. Electrical set-up + light source.
Supplementary Fig. 2 shows the set-up for the experimental experiments.
Supplementary Figure 2:
Experimental set-up for the electrowetting experiments.
The experiments were performed in a class ISO 5/7 cleanroom (T = 20°C±0.5°C; RH = 45%±2%). The experimental procedure for the electrowetting experiments was as follows: (i) a droplet of liquid (~1.5-1.8 µL) is placed on the Teflon® coated silicon wafer (red) using a pipette.
(ii) a stainless steel wire (φ~150 µm) is dipped into the droplet (the contact angle meter allows observation of this). (iii) The applied DC voltage magnitude and polarity is varied in distinct steps. (iv) The droplet profile is recorded (photographed and filmed) using a DigiDrop Contact Angle Meter (GBX, France). (v) The effect of illumination on the droplet profile is recorded (photographed and filmed). The current is monitored to observed breakdown/electrolysis effects. Several measurements were performed for each wafer type; in general the contact angle results are accurate to ±1°.
The white light source (Schott, USA) uses a halogen reflector lamp Type ELC. In order to calibrate the light source a broadband Power Meter 210 (Coherent, USA) was employed. Thirty settings are available on the white light source A1-E6; the output power can be varied from 7.5 mW (A1) to 825 mW (E6).
In terms of the irradiance I (W m -2 ) of the light source (Schott, USA), the broadband power P (W) was accurately determined the Power Meter (Coherent, USA). The output of the white light source is a 4mm diameter optical fibre bunch; this was placed at a distance d of 10-15 mm from the droplets (electrowetting experiments) and gold contacts (impedance measurements). If we consider a Gaussian beam then the average irradiance I incident on the samples can be approximated by P/πd 2 ; these are the values given in the paper and used in the calculation of the electro-hole pair generation rate.
Note that the photoelectrowetting films indicate that the time for the droplet to readjust to dark conditions is longer than the adjustment to illuminated conditions (~70 mS). This is due to the long relaxation time of the light source (>70 mS) when turned off. However, a calculation of the light entering the silicon layer for the (i) air-water-Teflon®-silicon stack (electrowetting experiments) and (ii) the air-gold-Teflon®-silicon (photocapacitance measurements) is possible S4-S6 . For the electrowetting experiments ~60% of the light is entering the silicon layer whereas for the photocapacitance measurements around 20% of the light is entering the silicon samples. 
Solutions used for the measurements

Solution conductivity
The conductivity of the liquids was measured using a Radiometer Copenhagen CDM-83 Conductivity Meter. A calibration measurement was performed using a KCl (0.1M) solution prior to tests. The resistivity of the deionised water was >10 MΩ cm. Note that the Coca-Cola Zero® was left in an open container for 7 days prior to measurements.
Debye lengths in the solutions
The Debye length λ D of the solutions was calculated using the following equation: 
Debye lengths in the silicon
For a semiconductor the Debye length is given by the following equation 
Drop shape analysis and contact angle extraction.
Once the droplet profiles have been recorded (photographs and films) the data can be analysed using appropriate software (Windrop++) available with the DigiDrop Contact Angle Meter (GBX, France). A freeware software was also used to extract the contact angles D. Electrical characterization.
Fabrication of samples
Titanium/Gold (Ti/Au, 10 nm/100 nm) were formed on the surface of the Teflon® using electron beam evaporation techniques using a metal mask which contained prefabricated holes. The thin titanium layer acts as an adherence layer for the gold to the Teflon®. The contact surfaces ranged from 0.1 to 1 mm 2 . For the photocapacitance measurements a 20 nm thick semitransparent gold layer was deposited using a metal mask.
Capacitance-Voltage (C-V) Measurements.
The C-V measurements were carried out using a Precision Impedance Analyzer 4294A (Agilent, USA) using a bias voltage of ±40V. A full calibration (open circuit -load (200Ω) -short circuit) was performed using a P/N101-190 S/N33994 Impedance Standard Substrate (Cascade Microtech, USA) over the frequency range (500 Hz -1MHz) prior to the measurements.
The experimental set-up for these experiments is shown in Supplementary Figure 3 
Model for the depletion capacitance
In depletion mode 16 , the capacitance per unit area C of an ideal conductor-insulatorsemiconductor system, e.g. a metal-oxide-semiconductor (MOS), can be described by the following equation:
where C i is capacitance per unit area of the insulating layer (= ε i ε 0 /d i ), V is the applied voltage, ε s is the permittivity of the semiconductor, ε 0 is the vacuum permittivity, q is the elementary charge and N is the bulk doping density of the semiconductor. This model works well outside of flat-band g is the electron-hole generation rate (cm -3 s -1 ) in the semiconductor due to illumination with above band-gap light, ω is the angular frequency (rad s -1 ), k is Boltzmann's constant, q is the elementary charge, T is the temperature, ε s is the dielectric constant of the semiconductor (11.9 for silicon) 1 , N is the doping of the semiconductor, n i is the intrinsic carrier concentration of the semiconductor (1.45×10 10 cm -3 for silicon at 300K)
16
, τ is the minority carrier lifetime in the semiconductor (2.5 ms for silicon) 16 . Grosvalet and Jund 25 state that providing the measurement frequency ω is greater than φ -1 (as is the case here) then the capacity is dependent solely on the variation of the space-charge limit capacitance with illumination. Under intense illumination (with above band-gap radiation) 25 gτ >> n i thus φ ~N/g then the capacitance (per surface) will be equal to ~C i under intense illumination. , θ 0 = 120°, t i = 265 nm, ε s = 11.9, ε i = 1.92, minority carrier concentration n i = 1.45×10 16 cm-3, minority carrier lifetime t = 2.5×10 -3 s. The n and p type doping densities were those of the commercial wafers (see Supplementary Table I ).
The change in overall capacitance when illuminating the LIS stack (at a fixed voltage V) is given by the following equation:
which can be compared to the rearranged Young-Lippmann equation when applying a voltage V (C is fixed) for the LIC stack:
Measurement ramp rate and C-V evolution for a MIS.
It is well known that if the applied voltage is ramped quickly during a high frequency capacitance-voltage measurement that the structure is not in thermal equilibrium 16 . When ramping the voltage from flat-band to threshold and beyond, the inversion layer is not formed as the generation of minority carriers can not keep up with the amount needed to form the inversion layer. The depletion layer therefore keeps increasing beyond its maximum thermal equilibrium value; the result of this is a capacitance which further decreases with voltage. The minimum ramp rate required to observe deep depletion is then obtained from the following equation:
-5 F m -2 and τ = 2.5×10 -3 s one can estimate that a voltage ramp rate > 72 mV s -1 will result is deep depletion and the inversion capacitance will not be observed. During the electrowetting experiments (and indeed electrowetting experiments in general if a DC voltage is used [12] [13] [14] [15] ) the applied voltage is ramped very quickly (in steps) thus the electrowetting behaviour observed here will not be due to the low frequency capacitance where inversion is observed. The long life-time of the two lowly doped silicon wafers S8 means that the deep depletion effect is observed at room temperature. S8 Yablonovitch, E. & Gmitter, T. Auger recombination in silicon at low carrier densities. Appl. Phys. Lett. 49, 587-9 (1986) .
Breakdown in the LIS system
The breakdown fields for Teflon® AF and Silicon are 2×10 6 V cm -1 (Refs. 40 and S9) and 3x10 5 V cm -1 (Ref. 16) . As the capacitances can be evaluated from the C-V measurements then the fields in the Teflon® and silicon space-charge regions can be estimated as a function of applied voltage. A simple calculation of two capacitors in series (depletion mode for the n and p type silicon wafers coated with 265 nm of Teflon®) shows that at a voltage of ±40V (dark) the breakdown fields (both in the Teflon and the silicon) are not exceeded. However, in the presence of intense illumination (at ±40V) the field in the Teflon layer effectively increases but does not exceed the published breakdown field. In the case of the 20 nm thick Teflon® layer then 5V should cause breakdown in the Teflon® film; however measurements were possible to ±10V for the highly doped silicon wafers coated with 20 nm of Teflon® implying a higher breakdown field than published 40,S9 e.g. ~5×10 6 V cm -1 . Photoelectrowetting experiments were carried out by placing a conducting liquid on the surface of a bare silicon wafer, i.e. in the absence of an insulator 28, 29, 32 . An n-type silicon wafer was used (see Table I ) which was cleaned in the same way as described in Section B above.
When applying a negative voltage to the droplet the contact angle varied little from 0 to -20V. At low voltages (0-5V) the droplet was observed to spread out upon illumination using the white light source (see above). However, the photoelectrowetting effect was not reversible as with the Teflon® coated samples. The following photographs and graph summarize the results. It is known that a Schottky barrier 16 forms when an electrolyte is in contact with a semiconductor 28, 29, 32 , illumination generates electron-hole pairs in this depletion zone resulting in a capacitance increase 25 , the effect of this is that the contact angle reduces. The depletion zone under the electrolyte-semiconductor interface 28, 29, 32 can be modelled by the following equation: 
Supplementary
